Summary: This paper presents ClassMaker, a macro of MS Excel ® able to classify continuous data of molecular weight data as binary (1/0) values. The output is represented by a binary matrix, which can be introduced in every software application for phylogenetics or multivariate statistics. This application is designed in order to be a link between image analysis programs and statistical or phylogenetic applications, in order to produce a complete series of free programs able to carry out the complete analysis from the gel to the dendrogram. Availability: ClassMaker is freely available from http://www. agr.unipg.it/cardinali/index.html, where a list of the URLs from which programs of image analysis, statistics and phylogenetics can be freely downloaded.
INTRODUCTION
Biologists have strongly improved the techniques of molecular and phenotypic typing, making it possible to accumulate large data sets in a short time (Welsh and McClelland, 1990; Baleiras Couto et al., 1996; Margarida et al., 1996; VaughanMartini et al., 1996) . Simultaneously, a large body of theory and procedures for phylogenetic and statistical analysis has been developed (Nei and Li, 1979; Hillis et al., 1996; Legendre and Legendre, 1998) and incorporated in programs, normally able to carry out one step of the whole process of analysis, which begins with the gel image and ends with a dendrogram (Page, 1998; Thorley and Page, 2000; Casgrain and Legendre, 2001) . The difficulty to connect several programs has greatly pushed the use of commercial packages performing the whole analysis. Unfortunately, these software packages employ a small number of analytical procedures, often designed for different purposes and, of course, have a cost. A comprehensive procedure for analyzing banding patterns with free programs should include applications able to fill the gap between the data produced by image programs (i.e. band coordinates) and those used by statistical or phylogenetic packages (i.e. binary matrices), where 1 and 0 indicate presence and absence * To whom correspondence should be addressed. of bands, respectively. The core operation is therefore a classification to transform the continuous molecular weight (Mol. Wt) data, calculated from band positions in the gel, into binary figures.
In this paper, we present ClassMaker, a free Microsoft Excel ® macro designed to allow non-subjective classification of electrophoretic bands with a computer-aided procedure.
GENERAL FEATURES
ClassMaker has been designed to carry out the following operations:
1. importing data of electrophoretic experiments expressed as Mol. Wt, 2. producing a classification scheme with one of the three systems available: CL1, CL2, CL3, 3. transforming the continuous data (Mol. Wt) matrix into the corresponding binary matrix where the values 1 and 0 indicate the presence or absence, respectively, of the classified bands.
Since it is difficult to choose the right system of classification a priori, the proposed classification should meet all of the following criteria:
1. The number of classes must be at least as large as the number of bands in the sample with the largest number of bands.
2. The matrix obtained with the classification must be binary and therefore contain only 0 and 1 values. 3. Two independent replicates of the same sample must have the same pattern of classification. This is normally obtained by including a sample twice in each experiment. In the case of electrophoretic gels, it is advisable that replicates run in distant lanes. Algorithm CL1 This algorithm produces upper limits according to the formula:
ALGORITHMS
where T is the maximum similarity allowed between the upper limits of two contiguous classes, it ranges typically from 70 to 99. The macro requires to enter only 'T', named 'Similarity threshold' in the macro.
Algorithm CL2 CL2 generates class upper limits according to the formula:
The algorithm takes as M 1 the maximum Mol. Wt value found in the gel and then calculates all other upper limits automatically. The main difference between the two algorithms is that the classes of CL2 have always the same width: 
(a) (D2−D3)/(D3−D5); (b) 2(D2−D3)/(D3−D5); (c) (D2−D4)/(D3−D5); (d) (D2−D3)/(D3−D4); (e) (D1−D4)/(D2−D5); (f) (D1−D3)/(D3−D4); (g) (D1−D3)/ (D2−D5
). The rest of the procedure to determine upper limits is the same as that of CL1. The macro asks to enter the value band similarity threshold (BST), which has the same conceptual function of T in CL1 and the algorithm (a-g) to calculate the slopes. The whole range of BST, 1-100, corresponds to the range between 90 and 100 of T , in fact BST = 0.9 + T /10, this allows a finer modulation of the BST parameter to find the right classification scheme.
VALIDATION OF THE MACRO
The ability of ClassMaker to accomplish correct band classifications was tested by comparing two series of six band patterns (RAPD amplificates) subject to electrophoresis one for 1 h (samples marked A-F) and another for 2 h (samples labeled AA-FF). The rationale is that the classification should produce binary patterns identical for corresponding samples (A versus AA; B versus BB, etc.) . The dendrograms, obtained Electrophoretic data classification with the Mol. Wt data and with the three possible classifications (CL1, CL2, CL3), show that the tree derived directly from the Mol. Wt data does not show any identity between corresponding samples. Conversely, CL1 and CL2 classifications produced trees with only one case (F versus FF for CL1 and C versus CC for CL2) of non-identity. Finally, CL3 classification yielded an optimal tree with six pairs of identity. A two-way Mantel test (Legendre and Legendre, 1998) , carried out among the similarity matrices calculated from the Mol. Wt and the three classified matrices, shows that there is no correspondence between the Mol. Wt and the classified matrices. Moreover, CL3 correlates more with CL1 than with CL2, confirming that the two algorithms are similar, although CL3 is more complex and sensitive (bottom of Fig. 1) .
In our experience, the whole analytical procedure with free applications (Cardinali et al., 2002) has the flexibility necessary for the needs of the investigator and permits pooling matrices coming from different experiments performed on the same set of strains (e.g. RAPD with different primers, PFGE, AFLP, etc.). Beyond the possibility of carrying out analyses unexpensively, ClassMaker allows different possible classification of the electrophoretic bands, with an optimization often absent in dedicated commercial packages (Rementeria et al., 2001) .
ClassMaker is a virus-free macro.
